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A fully-featured sound card for the Universal Serial Bus 


Design by G. Kronauer and T. Zepf 


Many motherboards these days only offer limited space for expansion 
cards, and integrated sound chips are generally not so well suited to high- 
quality recording. If a sound card is fitted in the PC, it is exposed to 
enormous levels of interference which does nothing for the audio quality. 
The solution is an external sound card, connected over USB. 


Installing an add-in sound card into a system 
is generally a lot of fuss. In order to transfer 
audio data digitally to the PC, either you will 
need an S/PDIF interface on the sound card 
or else you will be reduced to 'grabbing' the 
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audio using the CD-ROM drive. If 
you want to make recordings using 
a notebook computer, you will have 
to be content with the microphone 
input or purchase an expensive 


PCMCIA sound card. 

АП more recent PCs offer a pow- 
erful interface in the form of the Uni- 
versal Serial Bus, which can also be 
used for transferring audio data. The 
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circuit described here is a fully-fea- 
tured sound card, capable of full- 
duplex operation, that runs under 
Windows 98SE, MacOS or Linux. The 
UDA1335 and UDA1325 are ICs from 
Philips that include a USB interface, 
A/D and D/A converters, I?C inter- 
face and an 8052-compatible micro- 
controller. The chip is available in 
various versions: the UDA1335 (with- 
out ROM), the UDA1325 (with N106 
firmware) and the UDA1325 (with 
N104 firmware). In this application, 
the microcontroller is always used in 
the ROM-less (EA=0) mode, and so 
it does not matter which firmware 
version is present. 

The ROM-less mode of operation 
has been chose here because the 
firmware in the ROM version has 
been found to be so full of bugs that 
it is not suitable for serious use. The 
author has had the chip under the 
microscope since shortly after it 
came onto the market and, after 
much detailed work, has analysed 
the multitude of bugs and developed 
workarounds for them. The trouble 
has been worthwhile: this USB 
sound card is by a clear margin more 
reliable than generally-available USB 
sound cards using the UDA1325. 

The TDA1315H is used to convert 
the S/PDIF data into I2S format: this 
device offers two S/PDIF inputs. This 
allows the circuit to switch between 
S/PDIF phono (or Cinch) and 
TOSLink (optical) connections 
directly in the UDA1325 without 
requiring extra hardware. This 
means we can connect to older CD 
players, that only have an phono out- 
put, as well as to more recent mod- 
els that have only an optical output. 
An EPROM, with the obligatory 
address latch, and a 3.3 V voltage 
regulator to supply the UDA1325 
complete the design. 


The circuit 


The S/PDIF receiver is operated in 
‘hardware mode’. It receives the data 
directly from K1 (phono) or IC1 
(TOSLink), connected straight to 
pins IECINO and IECIN1 respec- 
tively, as shown in Figure 1. If a sig- 
nalis present at either of these two 
inputs, the PLL in the receiver will 
attempt to lock on to it. The level on 
pin 7 of IC2 (IECSEL) determines 
which of the two inputs is used. 
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When the PLL is in lock, the sample 
rate of the received data is indicated 
by the three LEDs D1 to D3. The 125 
output then carries the digital audio 
signal which is taken to the 
UDA1325 on pins DA, DS and BCK. 
The device also has an analogue 
input on pins VINR and VINL, which 
is connected via coupling capacitors 
C28 and C29. Input selection is con- 
trolled in software under Windows: 
more about this later. 

The digital audio data for record- 
ing are carried to the PC via a USB 
‘In Pipe’ and playback data are car- 
ried back from the PC to the sound 
card over a USB ‘Out Pipe’. The vol- 
ume can be adjusted using the 
UDA1325’s built-in DSP After D/A 
conversion, the signal is made avail- 
able at K4 via coupling capacitors 
C37 and C38 at a level of 0 dBu. This 
can be connected to a line input or to 
high-impedance headphones such 
as those supplied with portable CD 
players. 

The address and data bus of the 
80C52 CPU integrated into the 
UDA1325 is, as usual with such 
CPUs, connected to EPROM IC5 via 
latch IC4. PSEN is used as the read 
strobe signal for the EPROM. ALE 
selects between data and address 
information on PO. In order to allow 
either type 27C256 or type 27C512 
EPROMs to be used, А15 is con- 
nected permanently to the positive 
supply: note therefore, when using a 
27C512 EPROM, that the code must 
be stored from location 0x8000 
onwards. Since RD and WR are not 
externally accessible it is not possi- 
ble to connect other peripherals to 
the CPU bus. Internally to the chip 
the RD and WR signals are used in 
addressing hardware registers. 
There is little point in going into 
great detail here about the internals 
of the chip. Copious information is 
provided in the data sheets available 
on the Internet at 
Wwww.semiconductors.philips.com/ 
acrobat/datasheets/UDA1325 № 1.pdf 
and /TDA1315H 5.pdf. 


A 48 MHz crystal is used as the 
clock source, which means that the 
CPU is clocked at 24 MHz. C32 and 
L1 ensure that the crystal oscillates 
at 48 MHz and not at 16 MHz. The 
capacitor at pin 40 (VREFDA) of the 
UDA1325 looks after not only the 


Features 


— compatible with USB specification 1.0 and 
above 

— compatible with USB Audio specification 
1.0 

— analogue input (adjustable from —3 dB to 
+27 dB) 

— coaxial S/PDIF phono input 

— optical digital input (TOSLink) 

— analogue output (adjustable over a 60 dB 


range) 

— analogue sample rates from 8 kHz to 
48 kHz 

— digital sample rates of 32 kHz, 44.1 kHz 
and 48 kHz 


— full-duplex operation supported 
— Plug & Play compatible 


provision of a suitable reset pulse for the 
microcontroller but also the reference voltage 
for the D/A converter. T2 is used to switch 
R10 into the D+ circuit of the USB. The host 
recognises this as a 'USB connect' and will 
respond by beginning the process of enu- 
meration. 

The circuit can be powered from the USB 
itself or powered from its own power supply. 
Since the configuration descriptor data need 
to differ between the bus-powered and self- 
powered cases, JP1 is used to switch address 
pin A14 (but not while the circuit is pow- 
ered!). 


Firmware 


The software provided by Philips does not 
support either switching of the input source 
or increasing the sensitivity level of the input 
in analogue operation. This is a further rea- 
son to develop our own firmware. Because of 
a fault in the Windows 98 audio driver, 
switching between audio inputs only works 
from Windows 985Е onwards. It is a simple 
matter to check which version of Windows 
you have under System Properties. Earlier 
versions of Windows 98 only allow you to 
switch off the analogue signal. In this case 
you will need to update to Windows 98SE, 
and suitable (even legal!) software is readily 
available on the Internet for a small fee. 


The four main jobs of the firmware are as fol- 
lows: 


— Controlling the USB core; 

— Processing USB 1.0 standard requests (for 
example GetDescriptor); 

— Processing USB Audio Class 1.0 requests 
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Figure |. Circuit diagram showing TDAI315 S/PDIF receiver, and the UDAI325, which includes the USB interface, converters and a DSP 
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(for example volume control); 

— Driving the on-chip hardware, such 
as the A/D converter, and setting 
the sample rate. 


The digital audio data аге 
autonomously transferred by DMA 
hardware and so this does not 
require any software intervention. 
USB audio devices are so-called 
‘compound devices’, which means 
that they are composed of several 
interfaces. In this case we have 
three interfaces: control, wave out, 
and wave in. Under Windows, each 
device requires a separate driver to 
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be installed. In this way it is very 
simple to add extra devices (for 
example human interface devices) to 
the list of descriptors. 

In order for a USB device to be recog- 
nised by the operating system as an 
audio device, a list of descriptors for 
audio class (AC) specific interfaces 
and endpoints must be given in the 
configuration descriptor. Depending 
on the scale of the topology and the 
number of alternate interface set- 
tings this can easily add up to a kilo- 
byte of data. The characteristics of 
the sound card (inputs, outputs, con- 
nections, controller) are specified in 





Figure 2. Printed circuit board layout and component mounting plan. 
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The configuration descriptor for a USB 
audio device is formed as follows: 


Config 
Interface pipe (control) 
AC Control audio (Topologie) 


Interface (alt0) pipe 
Interface (alt!) pipe (waveout) 


ACInterface audio (stream format) 
Endpoint ISO 
ACEndpoint audio (sample rates) 


Interface (alt0) pipe 
Interface (alt!) pipe (wave in) 


ACInterface audio (stream format) 
Endpoint ISO 
ACEndpoint audio (sample rates) 


the AC control descriptor. The Microsoft dri- 
ver development kit includes a tool called 
grapher.exe, which allows simple display of 
the USB topology. Each audio pipe must offer 
an ‘Alternate Setting 0’ which releases all 
possible bandwidth on the USB when the 
pipe is closed. 


Construction 


A glance at the double-sided layout for the 
printed circuit board in Figure 2 will reveal 
that IC2 and IC3, as well as a few passive 
components, are SMDs. The two ICs have 
rather a large number of pins, and so con- 
struction cannot exactly be described as a 
straightforward task. If you have not had pre- 
vious experience with SMDs, you should get 
expert advice: it is all to easy to destroy 
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COMPONENTS LIST 


Resistors: 

RI = 75Q 

R2 = 4700 

ВЗ = 6800 
RARI9-R23 = IQ 
R5,R6,R7 = 4007 
R8,R9RI I-RI4 = 22kQ 
RIO = IkO5 
RI5,RI6 = 220 
RI7,RI8 = 220kQ 
R24,R25,R28 = 10kQ 
R26,R27 = 100Q 


Capacitors: 
СІ,С32 = IOnF ceramic, lead pitch 5mm 
C2,C9,C13,C18,C20,C22,C24, 

C36 = |0uF 25У radial, lead pitch 5mm 
C3 = 2nF2 ceramic, lead pitch 5mm 
C4,C6,C7,CI4-C17,C19,C21,C23,C25, 

C26,C27, C33,C35 = I00nF 

(SMD shape 1206) 
C5,C8,C10,C41-C44,C46 = 100nF 

ceramic, lead pitch 5mm 
С11,С12 = 22pF 
C28,C29,C34,C37,C38 = 47uF 25V radial 
C30,C31,C39,C40 = 10рЕ 
C45 = ТОШЕ 63V radial 
C47 = 470uF 25У radial 


Inductors: 

LI = IuH5 miniature choke 

L2 = 47UH miniature choke 

L3-L8 = BLM31A601S (Murata, SMD shape 
1206, Farnell # 581-094) 


Semiconductors: 
DI,D2,D3 = LED, 3mm dia. 


D4 = 1М4002 
TI = BC547B 
T2 — BC557B 
ICI = TORXI 73 


IC2 = TDAI315H/N2 (Philips) 

IC3 = UDAI325H/NIO6 (Philips) 

IC4 — 74HC573 

IC5 = 27C512-10, order code 012013-21 

IC6 — LE33CZ (ST, Farnell) or LP2950CZ- 
3.3 (National Semiconductor) 

IC7 — 7805 


Miscellaneous: 

JP! = 3-way pinheader with jumper 

KI = Cinch socket, PCB mount (e.g., T- 
709G from Monacor/Monarch) 

K2 = USB-B socket, PCB mount 

K3,K4 = 3.5-mm stereo jack socket, PCN 
mount (Conrad Electronics # 732893) 

XI = 48MHz quartz crystal, 3rd overtone, 
parallel resonance 

PCB, order code 012013-1 

Disk, order code 012013-11 
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expensive components, especially 
when using an ordinary soldering 
iron. A specially-designed SMD sol- 
dering station, as we have recently 
discussed in Elektor Electronics 
(‘SMDs? Dont panic!’ in the January 
2003 issue) is extremely useful here. 
Purchasing such apparatus is how- 
ever rather expensive and only rec- 
ommended to those who plan to 
make extensive use of SMDs in their 
hobby. 

As usual, one the two ICs have 
been neatly soldered and the 21 
SMD capacitors and coils fitted, turn 
the circuit board over and start on 
the leaded components. After sweat- 
ing over the SMDs this should pre- 
sent no difficulty, as long as care is 
taken with the polarity of the elec- 
trolytic capacitors. The DIL ICs (the 
EPROM and the latch) should be fit- 
ted in sockets, and the LEDs should 
only be fitted once you have decided 
how they should appear in the enclo- 
sure. Finally fit the large connectors: 
two mini-jack sockets, the TOSLink, 
the phono and the USB sockets. 
Once the printed circuit board looks 
like our photos, give it a thorough 
visual inspection for solder bridges 
and other problems: and then the job 
is done. 


Operation 


Fit jumper JP1 in position ‘EXT’ and 
apply power from an external mains 
power supply. The current consump- 
tion should be around 110 mA. In 
contrast to the USB Audio Codec 
published in the December 2002 
issue of Elektor Electronics this cir- 
cuit can also be supplied from a USB 
hub, if JP1 is fitted in the appropri- 
ate position. A signal at 4 MHz 
should be found at pin 11 of IC4; if 
not, check the oscillator circuit 
around X1 for soldering or other 
assembly errors. 

Users of Windows 98SE or Win- 
dows ME should install the relevant 
patches from Microsoft before pro- 
ceeding. The reasons for doing this 
and how to go about it are explained 
in the text box. Installing the audio 
recorder is considerably simplified 
by Plug and Play. Once the device is 
connected, Windows recognises it 
automatically and installs the USB 
audio recorder drivers: 
SNDREC10.INF for the self-powered 
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Performance 
curves 


The first performance curve, curve A, 
shows the amplitude response of the 
system when the A/D and D/A con- 
verters are connected in series. To 
carry out this measurement a special 
ASIO multimedia driver for Cubase 
VST/32 was used (see www.usb- 
audio.com), which allows full-duplex 
operation, to briefly delay the output 
from a signal generator. The peak at 
the end of the curve is probably 
caused by the digital output filter: the 
data sheet is silent on this point. If the 
D/A converter is measured on its 
own, the peak is at most 0.5 dB high. 


Curve B shows distortion plus noise 
as a function of frequency. Again the 
converters are connected in series, 
and the distortion is chiefly caused by 
the A/D converter. The values (digi- 
tally measured) are about a factor of 
two higher than the maximum figures 
given in the data sheet. 


Curve C shows the frequency 
response of the D/A converter when 
driven at full amplitude (0 dB), mea- 
sured with a 997 Hz signal sampled at 
48 kHz. The output signal level is 
approximately 0.66 V. Over a band- 
width of 22 kHz the total distortion 
plus noise is approximately 0.008 %. 
There are no harmonics within the 
audio band above —90 dB. Despite the 
rise in the noise level above 20 kHz 
(typical of delta-sigma converters with 
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noise shaping) the distortion figure is still only 0.03 % when the measurement bandwidth is 


increased to 80 kHz. 


Measured values (bus-powered unless otherwise noted) 


Current consumption (bus-powered) 
Current consumption (self-powered) 
DAC 

Nominal output amplitude (0 dB) 
Bandwidth (-3 dB) 

Amplitude (20 kHz) 

Output impedance 

Signal-to-noise ratio 

THD+N (I kHz) 


Channel separation 


ADC 

Maximum input sensitivity 
Minimum input sensitivity 
Input impedance 

THD+N (І kHz, —0.5 dBFs) 
Channel separation 


96 mA 
109 mA 


0.66 V 
23.9 kHz (f, — 48 kHz) 
+0.38 dB (f, = 48 kHz) 
поо 

>96 dBA 

0.008 96 (В = 22 kHz) 
0.03 % (В = 80 kHz) 
> 100 dB (1 kHz) 

>87 dB (20 kHz) 


58 mV 

1.42 У 

12 kQ 

0.02 % (B = 24 kHz) 
>69 dB (1 kHz) 

>47 dB (20 kHz) 
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Free Downloads 
— PCB layout. File number: 012013-1. 
— EPROM-Hex code (no source!). 


File number: 012013-1 I. 
www.elektor-electronics.co.uk/dl/dl.htm, 
select month of publication. 





mode and SNDREC11.INF for the bus-pow- 
ered mode (these files are stored in the INF 
directory) The operating system CD is 
required for this operation. After installation 
of these files and restarting the machine, the 
audio device will be recognised and the hard- 
ware manager should be opened again. This 
time the USB audio drivers are installed. If the 
patches have been installed, the PnP man- 
ager will point out that there are newer ver- 
sions of WDM Audio in the driver list. These 
newer versions should not be overwritten. 
After a successful installation the USB audio 
device will be found under ‘Audio/Video/ 
Game controller' in the Control Panel. Now 
any sound software that supports the Win- 
dows Multimedia Driver can record and play 
back audio data. 

An advantage of the USB audio recorder 
over the USB Audio Codec is that the input 
selection is under menu control. The recorder 
Wave In menu allows the user to select 
between three inputs: S/PDIF digital audio 
over the coaxial input, S/PDIF over the opti- 
cal input, and the analogue line input. If a 
digital input is selected the LEDs indicate the 
sample rate, and the input level cannot of 


Windows bug fixes 


USB audio playback and recording devices are not correctly dealt with in the dri- 
ver (SNDVOL32.EXE), since it cannot distinguish between two devices with the 
same name. This can have various consequences. Once the USB device is 
installed and the system rebooted, the CD volume control no longer works. The 
volume slider is not displayed with the correct name, there is more than one 
input selector, both are labelled 'USB Audio Device', and they cannot be individu- 
ally selected. Hardware such as this sound card, which supports full-duplex 
recording and playback, is also not correctly displayed. The Line In and Mic 
options are displayed as a USB Audio Device, but neither of the input selectors 
can be chosen. The master playback volume control is displayed as a USB Audio 
Device. 

Bug fixes for these problems are available as files Q269601.EXE and 
Q280127.EXE at the sites 
www.media-assistance.com/English/index english.html 

and 

www.pcsound. philips.com/driverfiles/patch26960 | usa8/26960 | usa8.exe (only for 
Windows 98SE). 

On Microsoft's website at http://support.microsoft.com/?scid=KB;en-us:280 127 
you can also find the patch for Windows ME. 

If these bug fixes are applied after the USB Audio Recorder has been installed, or 
if you experience other problems with the display of audio devices, it can help to 
remove the USB Audio Device from the registry using RegEdit. This requires a lit- 
tle experience, since an erroneous addition to or deletion from the registry can 
have fatal consequences for the system. 

First search for the key HKEY LOCAL MACHINE\Enum\USB. If multiple USB 
devices have been or are connected, you will find them categorised according to 
their Vendor ID and Product ID. The entry for the USB Audio Recorder starts 
'VID 0C7D...'. Now disconnect the USB cable and delete all the keys relating to 
the device from the registry. Close RegEdit and reconnect the USB Audio 
Recorder. All the drivers will be installed afresh. In contrast, installation under 
Windows XP, MacOS and, of course, Linux, should present no problems. 











course be adjusted. The level control Audio Codec the choice was fixed in 
for the line input covers the gain hardware between two levels. 
range of the internal preamplifier (012013-1) 


from -3 dB to +27 dB; on the USB 
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